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An experiment has been performed to measure the absolute guentity and
extent of the fission product debrils in the southern conjugste sres from
the July 2, 1962 high sltitude nuclear test. The auroral cffects from the

Teak, Orange, and Argus testsT??

at the conjugate points indlcated that an
intense flux of beta particles was guided to the conjugate areas. However,
the fission debris deposition at 4 conjugate point, a far more complex phenomenon,

hag never been experimentally observed.

Since the fission product debris was expected to emit a sufficient flux
of y-reys to be detectable at aircraft altitudes for several hours after the
detonation, e mepping of the fission product deobris in the southern hemisphere
was expected to yleld nevw information concerning tue debris distribution in
space at that time when the debris became trapped by tie earth's maguetic

field.

An airborne y-ray spectroneter (which had been comstructed by Dr. Stirling
Colgate of the University of California Lawrence Radilation Leboratory, Livermore,
California, and Dr. Raymond D'Arcy of the Enrico Fermi Institute for HNuclear
Studies, the University of Chicago for the purpose of studying secondary y-reys
from auroral and solar protons in the polar regions) was used for this experiment.
This instrument consists essentially of a horizontal 3" x 3" Na I cylindrical
y-ray detector, surrounded everywhere except at one end by & 3/8" thnick plastic
enticoincidence scintillator cup, for reducing cherged particle counting back-
ground. The phototube pulses from the Nal detector are sorted by energy into
20 or 100 chanunels by a transistorized laboratory wodel RIDL pulse heigint
enalyzer. In operation this equipment stores pulses for a preset interval,
prints end punches out the spectrum and time on paper tape s Clears itself and

autometically repeats the cycle.




This equipment wes installed abcerd & KC-135 aircraft operated by
Cambridge Air Force Research Center for upper atmosphere radlo propegation
and radistion studies (Project 6.10) under tihe scientific direction of .

Dr. George Gessmann., A two channel y-ray recorder assembled by the American

Science and Engineering Oorporation was also cperated aboard this aircraft.

The flight pattern flown during the event is shown in Fig. 1. The KC-135
dunped sufficient fuel immediately before blast tiwe to attain an altitude of
43,000 feet. The rest of the mission was flown at tais altitude. The east-
west pattern flown for an hour end twenty ninutes was intended to check on
eagst-vest debris motions either from upper atmospheric winés or coantinued
deposition of trapped fission products. Tuhe lower energy limit of radiation
accepted by the spectrometer was zdjusted several times to the lowest value
consistent with freedom from large dead time effects, The scale factor was

also varied so &8 to cover the maximum energy range of the excess y-radiation.

Beginning a few seconds after the detonatiom, the y-ray intensity rose
during about 20 seconds to a peak value, then began to decline. The east-west
passes shoved no apparent westerly drift, indicating thet most of the debris
detected traversed only & few irspped orbits and was relatively undisturbed
by upper altitude winds for at legst 1-1/2 hours after stopping in the upper
atmosphere. Preliminary contours of the y-radiation normalized according to

an assumed t 1°° time decay.3

prepared by R, Glacconi and J. Carpenter of
American Science and Engineering from the lower channel of their y-ray recorder
(energy loss above 0.45 Mev) are indicated in Fig., 1. They suggest an extircmely
steep gradient of debris density on the northern edge and a very diffuse gradient
on the southern edge of the flight path.

The spectral results after a background subtraction, normalized to 100

seconds after the detonation by the t-l'e law at early times show a markedly




flat energy distribution extending to 12.5 Mev (see Figs. 2, 3 and 4). Jithin
minutes the energy spectrum steepens to the distribution expected from a
fission spectrum at 43,000 feet (see Fig. 3). A plo: of tae Excess 10-11 iev

y-rays fits a 22 second and 55 second decay component (sece Fig. €) rather

than a t’l‘z decay. Thus it is concluded that these are 10.85 Mev y-rays

frem the Ny (n,y) ce.ptureh

enitted through Br,. ”.Br88 and I1

87 51
chaing in fission productsB. The early intensity normelized according to
t-l.z

of the thermalized 250-(30 kev delayed neutrms

nuclel, resulting from several fast decay

, indicates a peak debris density at approximmtely 15 degrees soutn latitude
and 178 degrees west longitude. Preliminary.computations on the basis of these
10.83 Mev neutron-cepture y-reys (see Appendix I) yield a preliminary estimate

of J x 1010 fission products per square centimeter at Poiat A (see Fig. 1)

and 45 percent of the total debris in the southern conjugete area covered by the
flignt, assuming one megaton of U

235
west debris distribution. Taking into account more accureate yields of Br87

fission products and & syumetrical east-

and 1157 is not expected to change this estimate by more than a factor of 2.
The attenuation of y-rays produced by neutron capture at various depths is at
this point the greater source of inaccuracy, although subject to a more rigorous
calculation.

It has been observed!’C that  substantisl £lux of higa energy electrons
was added to the earti’'s radiation belts by the July I nuclear test. High
intensities of these particles have been observed to be trapped with long life-
times at equatorial altitudes above 1000 km. 3Since direct injection of these
electrons by P-decay of {ission products is thie most feaslble method of their
Introduction into high altitude trapped orbits, the spatial distribution of
the decaying fission products et early times becomes a subject of considerable

interest.



There nas been deve;oPed, for the purpose of compering ﬁrapped rediastion
measurements at differing locations, & coordinate system9 which includes a
peremeter L, which is constant within approximately 1 percent along a line of
magnetic force (as measured by a trapped radiation peak), and which represents
for a dipole field the distance (in units of earth radius) from the center of
the dipole, A multi-term harmonic expansion of the geamegnetic field is

usually used to compute L-values at low altitudes.

The L-value has been calculated for a number of field lines which reach
an altitude of 100 km in the southern conjugmte region of interest, using the
512 term expansionlo of Jensen and Whittaker., Interpolations have been made
between these field lines, Thus, a series of L-values ai 100 im altitude has

been plotted in Fig. 1.

According to the observations of Van Allen,7>an intensity peak at an
L-value of 1.13 was noted over Johnston Island within an hour and e half of the
detonation, The intensity peak st point A in the southern conjugnte region =2
few minutes after H-hour is seen to correspond to an L-value of 1.10 if the
fission products are essumed to stop et an altitude of 100 km., On the
assumption of an average stopping altitude of 200 km, the L-values of this
peak would coincide with that noted by Van Allen, and would better agree with
the L-value expected for the center of the fission product distribution. A
200 km stopping altitude for the fission products at this longitude also agrees
fairly well with preliminafy results of radio-sounder measurements made ati
shortly later times from the same aircraft. At these latitudes en upwards
shift of 100 km in altitude along the magnetic field lines is the equivalent

of a 1-1/4 to 1-1/2 degree north-ward shift of each line of constant L-value.

Using these 200 km L-values as an ordinate, the reletive debris density




may be plotted as e function of L (see Fig. 7). This profile should correspond
fairly well with the altitude dlstribution of ionized fission products at the
tine of their trepping by the geomagnetic field. To uwufold a source function
for the trapped f-rays, & time history of the motion of these fission products
must be assumed, since a substantial flux of electrons could have been injected
while the debris was still "jetting" across the field lines., It should be
noted that debris deposited in the southern conjugate area becomes completely
ineffective for the injection of long duration trapped electrons, since the
field configuretion in this regim is suchyo that trapped radiation nirrors

several hundred kilometers lower in the nortiaern conjugetc area.



AFPPEDIX I

We expect a small fraction of the fission debris decay chain to emit

delayed neutron groups. The two delayed neutrom groups observable after 50

seconds are as follows (Table I)(5 ):
TABIE I
Precursor Time Constant Neutron(kev) Praction (percent)
Isotope (Sec) Energy n/fission
Br87 55 sec 250 kev 0.063
1137, Br88 22 sec 450 kev .35
Approximately half of these neutrons will escape into space, and half

will thermalize in the atmosphere, to be absarbed largely by the processes
Nm(n ?) CJ); and ¥ (n,7) with thermal cross sections 1.76(5) and 0.08 barns
respectively. Also 11 percent of these Nlh (n,7) captures will result in an
isotropically emitted 10.8 Mev 7-ray's(h) Therefore, tae flux of 10,8 Hev y-rays
near the top of the atmosphere is a frection .0055 of the incident downward
flux of neutrons. Since the absorption length of 10.8 Mev y-rays in air 1is

(50 g/cmg) end the measurement was taken at an atmospheric depth of 105 g/cm2
(43,000 feet), to & first epproximetion both the forward Comptom scatiering of
the y-rays and the depth 6ependence of the neutron thermalization mey be
neglected. The effective area of our detectar for 10.8 Mev y-ray absorption6
15 9 cnf. The measured flux at 50 sec is thus 3.5/cm2—sec, 1.O/cm2-sec of which

is attributable to the Brs,7 component.,




(L-BR)£EE‘qge X ,715. W

M

¥y

R - &lbedo - Q.67

f - delayed neutron frection = 6 x lo‘u
E = capture probabllity to y-emitting state = 5 percent
E' = probability of 10.8 Mev y/capture - 11 pcrcmet

T = decay time - 54.5 sec

NX = 2-1/3 mean free paths 2average path from neutron thermalization
and capture,
Q = i% = 032 -anguler factor for 10.8 MeV y's
%3'; 5.6 X LO-ll °:$/95 7’s/fission cm? gsec from the Br87 fraction.

An approximete integration over the limits of the tiame corrected coantours
shown in Fig. 1, assuming a symmetricel east-west distribution, yields an
effective area of 1.5 x 105 km? for the meximum debris density measured at point
A. Assuming a fraction F of 1 megaton of U255 fesi fission products from tae

explosion spread over 1,5 X 105 kmz, we have” a total of loll

| 4 fission/cma,
or a 10.8 Mev y-ray flux of 5.6 F e.'t/:’> photons/cme-sec.
F = 0.45 for a preliminary estimate of the fraction of the debris in the

southern conjugate area,

26

*Assuming 1 megaton - 1.5 x 10 fissiona.
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Figure 7. Debris Density Profile for Two Assumed Stopping Altitudes



